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ABSTRACT: Germplasm collections are key to assess genetic variability of forage germplasm. The objective of the present work
was to study the amplified fragment length polymorphism (AFLP) presented by five Desmanthus spp. accessions. The study
assessed the AFLP polymorphism of Desmanthus pernambucanus (L.) Thellung in Pernambuco, Brazil, and D. pubescens B.L.
Turner AusTRC from Saint Croix, U.S. Virgin Islands. The 38 primers pairs tested resulted in 32 combinations and amplified
707 amplicons, of which 436 (62%) were polymorphic and 271 (38%) monomorphic, indicating a wide variability among the five
Desmanthus accessions. Nei's genetic distance matrix pointed that 89F and AusTRC, distinct species collected from different
locations (Bom Jardim and Saint Croix, USA), presented lesser genetic distance (33.5%) than 43F and 100C, belonging to D.
pernambucanus but collected in Bom Jardim and Serténia, respectively, with 57.1% distance. D. pernambucanus accessions 43F
and 89F were the closest geographically located, however, presented expressive genetic distance (63.0%). The genetic variability
of native germplasm could become important in increasing genetic adaptation and environmentally viable forage species.
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Polimorfismo de DNA de acessos de Desmanthus spp.,
baseado em marcadores AFLP

RESUMO: Colegdes de germoplasma s&o importantes para caracterizagéo da variabilidade genética. O objetivo deste trabalho foi
estudar o polimorfismo de comprimento de fragmentos amplificados (AFLP) apresentados por cinco acessos de Desmanthus spp.
Um polimorfismo AFLP de Desmanthus pernambucanus (L.) Thellung foi realizado em Pernambuco, Brasil, € D. pubescens B.L.
Turner AusTRC de Saint Croix, llhas Virgens Americanas. Foram testados 38 pares de primers, 32 combinagdes amplificadas e
707 amplicons, sendo 436 (62%) polimérficos e 271 (38%) monomorficos, indicando grande variabilidade entre os cinco acessos.
A matriz de distancia genética de Nei mostrou que 89F e AusTRC, espécies distintas coletadas em locais diferentes (Bom Jardim
e Saint Croix, EUA), apresentaram menor distancia genética (33,5%) do que 43F e 100C, pertencentes a D. pernambucanus,
coletadas em Bom Jardim e Serténia, respectivamente, com 57,1% de disténcia. Os acessos geograficamente mais proximos
de D. pernambucanus, 43F e 89F, apresentaram uma distancia genética significativa (63,0%). A variabilidade genética de
germoplasma nativo pode tornar-se importante para aumentar a adaptacdo genética e espécies forrageiras ambientalmente
viaveis.

Palavras-chave: variabilidade genética; germoplasma; leguminosas nativas
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Introduction

The genus Desmanthus, belonging to the Fabaceae
family, includes 23 species naturally distributed in tropical
and subtropical regions of the Americas, with the highest
diversity in Mexico (14 species) and southern Texas (8
species) (Luckow, 1993; Muir et al., 2014). The legume
characteristic allows it to be considered an alternative feed
source for ruminants, mainly in semi-arid areas (Gardiner
& De Cat, 2014; Calado et al., 2016; Santos et al., 2019).
The association of the bacteria with the nitrogen-fixing
Rhizobiaceae family (Beyhaut et al., 2006; Freitas et al., 2011)
allows intercropping of this legume with low nitrogen-fixing
cultivars. Besides that, native plants are of great interest
because are ecologically adapted (Silva et al., 2018; Tedesco
et al., 2019; Almeida et al., 2019).

Most Desmanthus species are diploid with 2n = 28
chromosomes (Hughes et al., 2003). More recent studies
by Santos et al. (2012) cited the species Desmanthus
pernambucanus with 2n = 26 chromosomes. Desmanthus
spp. presents a high degree of intra- and interspecific
polymorphism (Luckow, 1993; Hughes et al., 2003), and
considering the importance of genetic variability as a
source of genes of interest, it is clear the importance of
species conservation. Thus, the collection and maintenance
of a representative set of genotypes of Desmanthus spp.
in germplasm banks are essential to minimize the effects
caused, for example, by the loss of genetic variability.
Therefore, information about the plant development and
genetic variation of species, especially native species, is
fundamental for the domestication and incorporation of
these speciesin the productive systems of a particular region.
Furthermore, the development of efficient conservation
strategies is necessary, and are closely related to knowledge
of the magnitude and distribution of genetic variability in
natural populations (Schultze-Kraft et al., 2020).

Consequently, to characterize the genetic variability of
plants, especially from germplasm banks, molecular markers
studies are performed. Some markers detect the genetic
polymorphism directly in the deoxyribonucleic acid (DNA),
without the influence of the environment. The molecular
marker based on amplified fragment length polymorphism
(AFLP) has been widely applied in studies of plant genetic
diversity. The AFLP markers access variability at the DNA level
after enzymatic DNA digestion followed by PCR (Polymerase
Chain Reaction) amplification without the need for prior

sequence information (Vos et al., 1995). The great advantage
of the AFLP technique is the high number of generated
markers, possibly a hundred, after combining primers
derived from restriction sites of two enzymes (a frequent
cutter and a rare cutter). Thus, ALFP is a viable alternative
method to estimate the genetic variability of Desmanthus
spp. accessions, since there are no specific primers derived
from nucleotide sequences available in public databases.

Determining and understanding genetic variability in
plant germplasm is the starting point for pre-breeding
and breeding programs. This extensive characterization is
necessary in order to fully explore the genetic variability in a
valuable way to develop new forage cultivars. The molecular
results provide information on the genetic variability of
accessions and may indicate the need for interchange and
introduction of new genotypes. According to Dubeux Jr et al.
(2022), native legumes have high potential for different uses
and still lack more detailed studies.

Thus, the main objective of the present work was to study
the AFLP polymorphisms presented by five Desmanthus
spp. accessions of the Germplasm Bank at the Federal Rural
University of Pernambuco (UFRPE).

Materials and Methods

The molecular assay conducted in the laboratory of
Molecular Genetics of the Federal University of Pernambuco
- UFPE included five accessions of Desmanthus spp. Among
these five accessions, four Desmanthus pernambucanus
accessions (7G, 100C, 43F, and 89F), classified by the
herbaria of the Instituto AgronGmico de Pernambuco,
Fomento Internacional do Brasil Ltda (FIB) n? 02/2012,
from the Germplasm Bank of the Federal Rural University of
Pernambuco-UFRPE, located in Serra Talhada-PE, collected
in the municipalities of Santa Cruz do Capibaribe, Sertania
and Bom Jardim (Queiroz, 2012). The fifth accession was
from Embrapa Coastal Trails - Sergipe (originally from the
Australian germplasm bank - CSIRO, Austr), identified as
Desmanthus pubescens B.L. Turner (Table 1).

The number of accessions analyzed in the study
considered the low survival of plants in the in vivo germplasm
bank, installed in the municipality of Serra Talhada since
2010. The annual precipitation (mm) presented in that area
covered 682.0 (2010), 644.1 (2011), 163.3 (2012), 598.3
(2013), 708.6 (2014), and 395.4 mm (2015) (APAC, 2021).

Table 1. Relationship of Desmanthus spp. evaluated in the AFLP assay, with their respective geographical origins and

coordinates.

* From the Germplasm Bank of the Federal Rural University of Pernambuco - UFRPE; **AusPGRIS — Australian Plant Genetic Resource Information Service (http://www2.dpi.qgld.gov.
au/extra/asp/AusPGRIS/Scripts/Display_Accession.asp?theAccession=AusTRCF92803). LUV = luvisol; AVE = dark red argisol; VER = vertisol; NR = regolitic neossol.
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Plants were propagated by seeds submitted to breakage
of dormancy by cutting (with scissors cut in the region
opposite the seed thread) (Queiroz, 2012) and sowed in pots
(3 kg). After 30 days of plant development (5 plants/access),
young leaves were collected, immediately frozen in liquid
nitrogen, and stored (-80 °C) until DNA extraction.

The samples (200 mg) were ground in liquid nitrogen
using a porcelain mortar and pestle, with 80 pL of 2% CTAB
(NaCl 5M, Tris HCl 1 M pH 8.0; EDTA 0.5 M). The buffer
was the cetyl trimethyl ammonium bromide and 20 pL of
B-mercaptoethanol, proposed by Doyle (1991) and modified
by Silva et al. (2008). Organic extraction was performed with
chloroform:isoamyl alcohol 24:1 to remove the contaminants
present in the DNA solution, and the DNA precipitated with
ammonium acetate at 7.5 M and 95% ethyl alcohol (1:6).
Then, the excess of salt was washed off the DNA with 75%
ethanol. The precipitated DNA was diluted in 100 pL TE (10
mM Tris-HCI, pH 8.0, 1 mM EDTA), quantified on 0.8% agarose
gel stained with 0.02% ethidium bromide solution (10 mg/
ml) and visualized in ultraviolet light transilluminator.

The AFLP reactions were developed using the AFLP®
Analysis System | kit (Life Technologies®), according to the
manufacturer’s instructions. In summary, following digestion
with the EcoRl and Msel enzymes and ligation of specific
adapters, the DNA was amplified using primers with three
selective bases (EcoRI-NNN and Msel-NNN), and for the
primers, each N corresponds to a nucleotide: A, C, T or G.
PCR reactions were performed on PTC-100 thermocycler (MJ
Research), following the AFLP kit instructions. The amplicons
were visualized after 6% polyacrylamide gel electrophoresis
in a denaturing condition (7M urea), using a vertical gel
apparatus, with 1x TBE buffer. Gel staining with silver nitrate
followed the protocol described by Bassam et al. (1991).

The results were converted into a binary matrix, based
on the presence (1) or absence (0) of the amplicon. The
percentage of polymorphic loci and the optimal number
of fragments were calculated with the aid of the Genes
program (Cruz, 2006). The number of alleles observed (Na),
number of effective alleles (Ne), and heterozigosidade (H)
were performed using the PopGene software (v.1.31), as
well as the UPGMA (“unweighted pair group method using
arithmetic averages”) dendrogram based on Nei’s genetic
distances (Nei, 1978) involving the different accessions of
Desmanthus spp.

Results

Of the 38 primer combinations tested to characterize
five accessions of the genus Desmanthus, 32 combinations
amplified 707 amplicons (Table 2), of which 436 (62%) were
polymorphic (presence or absence of the amplicon in at least
one of the accessions) and 271 (38%) common to the five
accessions (Figure 1), which evidenced the variability among
them, and the polymorphism detection power presented by
the AFLP technique in Desmanthus spp.
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Table 2. Amplified and polymorphic amplicons generated
using AFLP primer combinations with DNAs of Desmanthus

spp.

* Selective bases starting with A refer to primers for EcoRIl and those with C are from
Msel.

Figure 1. Amplicons (polymorphic and monomorphic)
amplified with DNAs of five accessions (Desmanthus spp.)
visualized after silver staining of the 6% polyacrylamide
gel. ¥ 1 =7G; 2 = 100C; 3 = 89F; 4 = NSDD; 5 = AusTRC;
6 = 43F; 7 = 21F. ** NSDD and 21F were not used per
problem in execution. *** CTC = M-CTC; CTG = M-CTG;
CTT = M-CTT.
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Each pair of primers produced between one and 33
distinguishable polymorphic amplicons with an average of 14
polymorphic fragments per primers-pair combination, while
the total amplicons ranged from three to 52 with a mean
of 22 per primers-pair (Table 2). The E-AAC/M-CTT primers-
pair was the one with the highest number of amplified
and polymorphic amplicons, whereas the E-AAC/M-CAA
combination did not present polymorphic fragments. Of the
38 primers-pair combinations tested, six did not amplify the
DNAs: E-AGC/M-CAG; E-ACC/M-CTT; E-ACC/M-CAT; E-ACT/
M-CTC; E-ACT/M-CTA; E-ACT/M-CAT.

With the genetic distance matrix of Nei (1978), which
measures genetic diversity among different species
or individuals of the same species, a dendrogram was
constructed using the UPGMA method (Figure 2). The
dendrogram calculated from Nei’s unbiased genetic distances
between populations by the UPGMA method revealed two
distinct clusters.

The unbiased genetic Cluster 1 comprises accessions
7G e 100C, originating from Santa Cruz do Capibaribe and
Sertania, respectively. Cluster 2 includes accessions 89F and
43F, both from Bom Jardim, and the AusTRC accession from
U.S. Virgin Islands (Table 1). The lowest genetic distance
occurred between the 89F and AusTRC accessions (33.5%),
from Bom Jardim and Saint Croix (U.S. Virgin Islands),
respectively (Table 3). The highest distance was observed
between accesses 43F and 100C (57.1%), from Bom Jardim
and Sertania, respectively.

The geneticidentity matrix showed the range of similarity,
varying from 56.5% to 71.5% between the accessions. These
values indicated that the 89F and AusTRC accessions were
the most genetically similar (Ig: 0.7153), which does not
mean that they belong to the same species.

Figure 2. Dendrogram considering accessions of Desmanthus
spp.

Genetic variation, employing the AFLP markers for allele
frequency, effective allele numbers, Shannon index, and
genetic diversity of Nei (1978) (Table 4), allowed to observe
that the average number of alleles per locus was 1.70, and
the effective number of alleles, which contributed to genetic
diversity, was 1.51.

According to Nei (1978), the average number of alleles
per locus (A) is greatly influenced by the size of the genetic
sample (loco number) in the collection. The heterozygosity
(H), also called the Nei genetic index, was used to evaluate
the polymorphic content of each locus and obtained a value
of 0.29. The Shannon Index was 0.42, considered moderate
to low (Table 4).

Table 4. Estimates of the number of alleles, Shannon
Index and genetic diversity based on 707 AFLP markers in
Desmanthus spp.

Discussion

Based on the level of polymorphism reached (Figure 1), it
will be possible to discriminate genotypes at the DNA level,
planning crosses in plant genetic improvement, considering
the agronomic performance of the parents in the most
advancedstages of selectionand breeding strategies. Pengelly
& Liu (2001), evaluating 284 accessions of Desmanthus
spp., equivalent to 11 species, from analyzes with Random
Amplified Polymorphic DNA (RAPD), observed that there
was a higher polymorphism in D. virgatus, D. leptophyllus,
and D. pernambucanus, concerning D. pubescens. Silva et al.
(2023) too observed higher polymorphism, selected primers
amplified 38 fragments, with 71.05% polymorphism. The
highest polymorphism percentage was shown by ISSR13
(100%), and the lowest by ISSR12 which presented only
monomorphic fragments (0% polymorphism).

The highest number of accessions worked by those
authors allowed data comparisons by species, unlike the
present study with only five accessions, highlighting the issue
of intensifying the works incorporating more accessions and
species, making it possible to screen all accessions from a
germplasm active bank. It is worth highlighting the difficulty
of maintaining an in vivo germplasm bank in a semi-arid

Table 3. Genetic identity (Ig) and genetic distance (Dg) in accessions of Desmanthus spp.

* Genetic identity: values above the diagonal; Genetic distance: values below the diagonal.
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environment, which limits the availability of accessions
for evaluations. Despite the few accessions evaluated in
the present study, the genetic variability was estimated
based on AFLP markers, whose technique is more robust
and reproductive than the RAPD technique applied by the
authors previously mentioned (Gardiner & Burt, 1995).

Despite the proximity of the place where the accessions
were collected (municipalities), there is high variability
among them (Figure 1), even being plants with autogamous
reproduction (Luckow, 1993). The genetic variability
observed among the accessions allows adaptation to the
environmental changes (Daufresne & Renault, 2006), which
highlights the importance of the preservation of Desmanthus
accessions through the germplasm banks, both for biological
conservation and plant genetic improvement.

Similar results were found by Costa et al. (2017), who
observed high variability in 22 accessions of the UFRPE
germplasm active bank, but only 15 ISSR markers were
analyzed. The ISSR markers are also dominant markers, like
those AFLP and RAPD markers (Turchetto-Zolet et al., 2017).
Besides, the authors mentioned eight clusters grouped by
the ISSR markers, and they also reported high variability
in accessions collected in nearby locations, and some
molecular proximity of those accessions collected from more
distant places. It is noteworthy that after the monograph of
Desmanthus reported by Luckow (1993), it became evident
that most of the germplasm previously identified as D.
virgatus was, in fact, D. pernambucanus (L.) Thell (Cook &
Schultze-Kraft, 2015).

Silva et al. (2023) working with Desmanthus observed
values close to those found in the present study (Table
4), where the Shannon Index also corresponded to 0.42.
A moderate (0.361) Shannon Index value was observed
in studies of diversity of accessions of Desmanthus
pernambucanus, carried out by Costa et al. (2017).

The observed heterozygosity is an index of genetic
diversity greatly influenced by the reproductive system
of the species. A natural population of allogeneic species
exhibits higher heterozygosity than an autogamous species
population.

According to Dubeux Jr et al. (2022), the preservation
of native legume species is of fundamental importance
not only for maintaining the biodiversity of the Caatinga,
but also for preserving the sustainability of this important
biome. Santos et al. (2022) mention that studies that
measure the qualitative and quantitative variations of native
Caatinga forages are essential for the management of food
supplementation, with a view to the sustainability of animal
production in Caatinga areas, in addition to gains in the
preservation of this ecosystem.

Conclusion

Accessions (7G, 100C, 89F, 43F, and AusTRC) present high DNA
polymorphisms, evidencing the efficiency of the AFLP technique
in evaluating the genetic variability of Desmanthus spp.
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Genetic distance is not limited by the geographic distance
since accessions geographically close and belonging to the
same species (89F and 43F) did not show superior genetic
similarities, although accessions geographically distant, and
eventually of different species (89F and AusTRC) may share
expressive genetic similarities. The 43F and 100C accessions
are relatively distant genetically from each other, being
important sources of diversity in the studied germplasm.

The existence of some unique accessions reinforces the
importance of preserving native plant populations, looking
for valuable features and resources for plant breeding
programs.
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